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(57) Abstract 
[Problem] 

To simplify the process and increase the weld strength in the welding of, for example, vehicle 
fuel tanks, made of aluminum-plated stee l sheet 

[Solution] 

In the fabrication of a fuel tank 1 by laser welding the peripheral flanges 2a, 3a of a pair of half 
shells 2, 3 made of aluminum-plated steel sheet (aluminum-plated surfaces), the flanges 2a, 
3a are overlapped in close contact with each other and the overiap zone is exposed to laser 
radiation. This welding is carried out while blovying a mixed gas toward the laser-irradiated 
zone; this mixed gas co ntains oxygen gas at 38-90 volume% with respect to argon gas, helium 
gas, nitrogen gas, or carbon dioxide gas. 



1 
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Claims 

Claim 1 . 

With respect to laser welding methods in which aluminum-plated steel sheets are overlapped 
and welded with a laser beam wherein at least a portion of a first aluminum-plated steel sheet 
is overlapped in close contact with at least a portion of a second aluminum-plated steel sheet 
and this overlap region of close contact is laser welded using an assist gas, a method for the 
laser welding of aluminum-plated ste.el sheet characterized by the use as said assist gas of a 
mixed gas comprising oxygen gas and at least one selection from argon gas, helium gas, 
nitrogen gas, and carbon dioxide gas wherein the proportion of oxygen gas in the mixed gas is 
at least 38 volume% but no more than 90 volume%. 

Claim 2. 

The method described in Claim 1 for the laser welding of aluminum-plated steel sheet, 
characterized in that the proportion of oxygen gas in the mixed gas is at least 65 volume% but 
is no more than 85 volume%. 

Claim 3. 

The method described in Claim 1 for the laser welding of aluminum-plated steel sheet, 
characterized in that the welding method is applied to the welding of a vehicle fuel tank made 
of aluminum-plated steel sheet. 



Detailed Description of the Invention 

[0001] 

Technicai Field of the Invention 
The Invention relates to the technology of the laser welding of aluminum-plated steel sheet. 
[00021 

Description of the Prior Art 

The present inventor has already filed Japanese Patent Application Number 07-311934 
(311,934/1995) within the sphere of the technology of the laser welding of aluminum-plated 
steel sheet. This technology relates to the fabrication of vehicle fuel tanks by welding a pair of 
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half shells together. In order to omit the post-welding application of an external coating and an 
internal anti-rust coating and in order to shorten the welding tinne, alunninum-plated steel sheet 
rs used for the half shells and these aluminuiD-plated steel sheet half shells are laser welded to 
fabricate the fuel tank. 

[0003] 

When aluminum-plated steel sheet is subjected to laser welding, the potential for a diminished 
joint strength exists due to the incorporation of unwanted components, e.g., aluminum or 
silicon, in the weld metal. Taking this into account, the technology disclosed In Japanese 
Patent Application Number 07-311934 proposes a more preferred welding embodiment In 
which a gap is formed between the aluminum-plated steel sheets around the laser-irradiated 
zone; this gap allows the unwanted components to escape. 

[0004] 

Japanese Published (Examined or Kokoku or B) Patent Application Number Hel 5-20192 
(20,192/1993) discloses a technology In which aluminum or aluminum alloy is laser welded 
using shield gas containing 15%-90% oxygen. 

[0005] 

Problems to Be Solved by the Invention 

However, with regard to the technology disclosed in Japanese Patent Application Number 07- 
311934 in which a gap Is formed around the laser-irradiated zone, it is difficult to apply this 
technology in particular to large products and broad weld zones. Even when the application of 
this technology is possible, it is more convenient when welding can be carried out directly on 
the closely approximated workpiece without having to elaborate a gap. 

[0006] 

Although Japanese Published (Examined or Kokoku or B) Patent Application Number Hei 5- 
20192 refers to the welding of aluminum or aluminum alloy using shield gas having an oxygen 
gas content of 15% to 90%. the welding possibilities as indicated in this disclosure are actually 
limited to overlay welding. An unsatisfactory strength is obtained in the welding of aluminum 
plate or aluminum alloy plate, thus rendering this technology unusable. 

[0007] 

The object of this invention is to establish a welding technology for the laser welding of 
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aluminum-plated steel sheet that can secure the necessary weld strength even in the absence 
of a gap around the weld zone into which unwanted components can escape. 

[00081 

Means Solv ing the Problems 

With respect to laser welding methods in which aluminum-plated steel sheets are overlapped 
and welded with a laser beam wherein at least a portion of a first aluminum-plated steel sheet 
is overlapped in close contact with at least a portion of a second aluminum-plated steel sheet 
and this overlap region of close contact is laser welded, in order to solve the problems 
identified above this invention uses an assist gas comprising a mixed gas of oxygen gas and at 
least one selection from argon gas. helium gas, nitrogen gas, and carbon dioxide gas, wherein 
the proportion of oxygen gas in the mixed gas is at least 38 volume% but no more than 90 
volume% and is preferably at least 65 volume% but no more than 85 volume%. 

[0009] 

Considering laser welding in general, technology for mixing oxygen in the assist gas blown 
onto the weld is already known from the laser welding of zinc-plated steel sheet, for example, 
as in Japanese Laid Open (Unexamined or Kokai or A) Patent Application Number Hei 6- 
79484 (79,484/1994). Due to the low boiling point of zinc, the zinc in the plating layer 
undergoes explosive vaporization during the laser welding of zinc-plated steel sheet, which 
results in the production of blowholes in the weld. In order to prevent this blowhole production, 
the referenced technology employs 5-35 volume% oxygen in the assist gas, which promotes 
oxidation and combustion of the zinc plating layer and thereby promotes ejection of plating 
vapor to the exterior. 

[0010] 

The inventor found that the application of this technology to the laser welding of aluminum- 
plated steel sheet cannot secure the required joint strength because unwanted components 
such as aluminum and silicon are not ejected to a satisfactory degree. Upon repeating these 
experiments, the inventor discovered that the use of an oxygen admixture of at least 38 
voIume% but no more than 90 volume% (volumetric ratio with respect to the gas as a whole) 
provides an excellent ejection of unwanted components and raises the joint strength and 
thereby achieves a practical strength level. It was also found in particular that an oxygen 
content in the mixed gas of at least 65 volume% but no more than 85 volume% is extremely 
favorable from a strength perspective. 
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[0011] 

The mixture of oxygen in the aforementioned proportions is thought to improve the weld 
strength for the foliowing reasons. First, the unwanted components (e.g., aiumlnum, silicon) 
react with oxygen to give the oxide, which results in activation and thereby facilitates ejection 
from the weld zone. Second, the amount of heat generated in the weld zone is increased by 
the admixture of oxygen, thereby broadening the melt width and improving the weld strength. 
With regard to the second reason (broadening of the weld width), it was confinmed by 
photomicrographic inspection of the texture of the cross section of actual welds that the weld 
width is broader for the admixture of oxygen than for the use of a monogas of. for example, 
argon. 

[0012] 

Although a satisfactory ejection of gases such as vaporized zinc is obtained at an oxygen 
content of less than 38 volume%. it is thought that an oxygen content of less than 38 volume% 
provides an inadequate degree of ejection of unwanted components such as aluminum and 
that the ejection of unwanted components is increased by using a 38 volume%. An oxygen 
content of 91 volume% or more causes substantial oxidation In the weld zone and a reduction 
in joint strength. 

[0013] 

The invention encompasses application of the aforementioned welding method to the welding 
of vehicle fuel tanks made of aluminum-plated steel sheet. The fabrication of vehicle fuel tanks 
from aluminum-plated steel sheet makes it possible to eliminate the time and labor for internal 
and external mstproofing. In addition, when this fabrication can be canied out by laser welding, 
it becomes possible to limit the region in which the plating material is compromised and also 
makes it possible to carry out high speed welding. 

[0014] 

Pnnhndlments of the Invention 

Embodiments of the invention are described hereinbelow with reference to the attached 
drawings. In Figures 1-4. (A) contains a photomicrograph of the metal texture in the weld zone 
while (B) contains a model drawing of the. photomicrograph. Figure 1 refers to a 38% oxygen 
content in the mixed gas; Figure 2 refers to a 90% oxygen content in the mixed gas; Figure 3 
refers to a 70% oxygen content in the mixed gas; Figure 4 refers to a 100% oxygen content in 
the mixed gas; and Figure 5 refers to a zero oxygen content. Figure 6 shows a fuel tank 
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(complete view) to which the inventive welding method has been applied. Figure 7 is a partial 
drawing that contains the weld region of the fuel tank shown in Figure 6. 

[0015] 

The inventive method for the laser welding of aluminum-plated steel sheet can be applied, for 
example, to the fabrication of a vehicle fuel tank 1 made of aluminum-plated steel sheet (cf. 
Figure 6). In this case, the peripheral flanges 2a, 3a of the upper and lower members 2, 3 of a 
pair of press-molded half shells are overlaid on one another and the overiapped flanges 2a, 3a 
are welded together over the entire circumference. 

[0016] 

The inventor has found that the joint strength is reduced when aluminum-plated steel sheets 
are laser welded while in close contact with each other. The inventor has additionally found 
that this joint strength is also related to the traveling speed of the laser welder. That is, when 
the inventor imaged the metal texture using photomicrographs of the weld cross section, it was 
found that, at high laser welding speeds, the unwanted components (e.g., aluminum eluted 
from the aluminum-plating layer on the contact surfaces) are unable to escape from within the 
weld zone. Solidification then occurs in this state In which unwanted components remain in the 
interior, which prevents the generation of the desired joint strength- 

[0017] 

The mixed gas may be, for example, an argon/oxygen mixed gas, a helium/oxygen mixed gas. 
a nitrogen/oxygen mixed gas. a carbon dioxide/oxygen mixed gas. or a mixed gas of oxygen 
and a plurality of selections from argon, helium, nitrogen, and carbon dioxide. 

[0018] 

Tests were run using different amounts of oxygen In the mixed gas used during welding. These 
tests are described in the specific examples and comparative examples provided below. 

Example 1 

Figure 1 shows the metal texture for the following test: 2 test specimens T. T, each made of 
aluminum-plated steel sheet, were overlapped in close contact with each other and were 
welded at a welding speed of 3.0 m/min by irradiating the overiap with a laser while blowing a 
mixed gas toward the irradiated region. The mixed gas was a mixture of argon and oxygen at a 
volumetric ratio of 5 : 3 (38 volume% oxygen with respect to the total volume of the gas). 
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[0019] 

The following can be seen from the figure: the weld width, viewed from the incoming side for 
the laser radiation to the outlet side, is almost straight although the middle zone is thinner, and 
almost no admixture of unwanted components (e.g., aluminum) in the interior of the weld is 
observed. The weld did not rupture during post-welding tensile testing, confirming that a 
satisfactory strength had been obtained. 

[0020] 

Example 2 

Figure 2 shows the metal texture for the following test: 2 test specimens T. T, each made of 
aluminum-plated steel sheet, were overlapped in close contact with each other and were 
welded at a welding speed of 3.0 m/min by irradiating the overlap with a laser while blowing a 
mixed gas toward the irradiated region. The mixed gas was a mixture of argon and oxygen at a 
volumetric ratio of 1 : 9 (90 volume% oxygen with respect to the total volume of the gas). 

[0021] 

The following can be seen from the figure: the weld width, viewed from the incoming side for 
the laser radiation to the outlet side, is almost straight, and almost no admixture of unwanted 
components (e.g., aluminum) in the interior of the weld is observed- The weld did not rupture 
during post-welding tensile testing, confirming that a satisfactory strength had been obtained. 

[0022] 

Example 3 

Figure 3 shows the metal texture for the following test: 2 test specimens T, T, each made of 
aluminum-plated steel sheet, were overlapped in close contact with each other and were 
welded at a welding speed of 3.0 m/min by irradiating the overlap with a laser while blowing a 
mixed gas toward the irradiated region. The mixed gas was a mixture of argon and oxygen at a 
volumetric ratio of 3 : 7 (70 volume% oxygen with respect to the total volume of the gas). 

[0023] 

The following can be seen from the figure: the weld width, viewed from the incoming side for 
the laser radiation to the outlet side, is almost straight; the external surface of the weld is also 
almost flat; and almost no admixture of unwanted components (e.g., aluminum) in the interior 
of the weld is observed. The weld did not rupture during post-welding tensije testing, 
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confirming that a satisfactory strength had been obtained. It was also confirmed that the same 
weld strength was obtained using mixed gases containing 65%-85% oxygen, 

[0024] 

Comparative Example 1 

Figure 4 shows the metal texture for the following test: 2 test specimens T, T, each made of 
aluminum-plated steel sheet, were overlapped in close contact with each other and were 
welded at a welding speed of 3.0 m/min by irradiating the overlap with= a laser while blowing 
100% oxygen toward the irradiated region. 

[0025] 

The results show that almost no admixture of unwanted components (e.g., aluminum) within 
the weld is observed, but also that the weld has undergone substantial oxidation and 
undergoes thinning in its cross section, resulting in a reduced joint strength. 

[0026] 

Comparative Example 2 

Figure 5 shows the metal texture for the following test: 2 test specimens T, T, each made of 
aluminum-plated steel sheet, were overlapped in close contact with each other and were 
welded at a welding speed of 3.0 m/min by irradiating the overlap with a laser while blowing 
argon gas (zero oxygen content) toward the irradiated region. 

[0027] 

The following can be understood from the figure: the weld has a configuration in which the 
weld width is greater at the incoming side for the laser radiation and at the exit side and is 
narrower in the middle (the overlap plane), and unwanted components (e.g., aluminum) are 
incorporated in the interior of the weld in the vicinity of this narrowed middle (the overlap 
plane). In addition, the desired strength was not achieved in the tensile test. 

[0028] 

The same results were obtained when the preceding tests were earned out using helium gas, 
nitrogen gas, or carbon dioxide gas in place of the argon gas. All of these gases were effective 
as long as the oxygen content was in the range of 38-90%. Moreover, the application of the 
described laser welding of aluminum-plated steel sheet enables high-speed processing and 
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enables omission of post-welding steps such as the application of an antlcoirosion coating. 



The inventive welding method as described hereinabove comprises overlapping at least a 
portion of a first aluminum-plated steel sheet in close contact with at least a portion of a 
second aluminum-plated steel sheet and exposing this overlap region of close contact to laser 
radiation, while at the same time blowing an assist gas comprising a mixed gas containing a 
specified quantity of oxygen onto the laser-irradiated region. This enables unwanted 
components (e.g., aluminum) to be ejected from the weld and also raises the weld strength by 
virtue of increasing the weld width. When applied to the welding of vehicle fuel tanks made of 
aluminum-plated steel sheet, the inventive method makes it possible to limit the zone over 
which the plating material is compromised, makes post-treatment unnecessary, and makes it 
possible to carry out high-speed welding. 



Figure 1 contains (A) a photomicrograph and (B) the corresponding model drawing of the 
metal texture in the weld for a 38% oxygen content in the mixed gas. 

Figure 2 contains (A) a photomicrograph and (B) the corresponding model drawing of the 
metal texture in the weld for a 90% oxygen content in the mixed gas. 

Figure 3 contains (A) a photomicrograph and (B) the corresponding model drawing of the 
metal texture in the weld for a 70% oxygen content in the mixed gas* 

Figure 4 contains (A) a photomicrograph and (B) the corresponding model drawing of the 
metal texture in the weld for a 100% oxygen content in the mixed gas. 

Figure 5 contains (A) a photomicrograph and (B) the corresponding model drawing of the 
metal texture in the weld for a zero oxygen content. 

Figure 6 shows a fuel tank (complete view) to which the inventive welding method has been 
applied. 
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Advantaoeous Effects of the Invention 



Brief Description of the Drawings 
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Figure 7 is a partial drawing that contains the weld region of the fuel tank shown in Figure 6. 



[Reference Numbers] 

1 fuel tank 

2,3 half shell 

T test specimen of aluminum-plated steel sheet 



Figure 1. Figure 2. RgureS. 

38% oxygen 90% oxygen 0% oxygen 
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Figure 3. 




(B) 



Figure 4. Figure 6. 
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